( Reaffirmed 2006 )

IS : 3030 - 1965

Indian

Standard

RECOMMENDATIONS FOR LETTER SYMBOLS, SIGNS AND ABBREVIATIONS USED IN CHEMICAL ENGINEERING
Chemical uaairman
Da A. Naxn~~a RAO PIantig Coami&on Engineering

Sectional

Committee,
Reprmnfing

EDC

57

Menkrs Smu J. D. ADXU Sfau S. M. M.aer~~u (Allem&) SHIUJ. M. AYANDonDa D. C. T.uwoaa (Altz&e) Sxru H. N. B&vaa~~ DR V. C. TUAKAR(Alter&c) Swat N. N. BANIR]WC DR R. &USHNASW*W(Alwur) SunI P. K. CtuaahVAu~ Smu FRANCW RAYYOND Cnur S~lu T. K. RAO (Alkmatc) Smu K. S. DODD Da R. S. Duaav Ssru A. K. GUPTA Smu 0. P. GUPTA SHIUC. S. Goum.wi~~-~ (Akm&) Da R. K. GUFTA SHRIR. S. KACHWAM SHRIK. S. S,UXMA (A&m&j PRO? N. R. KAUM DR. P. S. Mmwr (Alrrmolc) Da.O.P.KlaalwmA, Smu D. L. PRADHAN (Alfemaa) Da M. G. KRUHNA DR. J. S. AHLUWALIA (Alfmute) PEOF N. R. KULOOR DR G. N. BHAT(Alfema&) Sxru J. B. Marc SHRIP. G S~LAICHIA (Akmk) HindusOrganic Chemids Ltd., &XhY

Indian Institute of Chemical Engineers, Calcutta Associated Cement Compania Ltd., Bombay Gansons Private Ltd., Bombay Diictorate General of Supplies & Diwosala (Department of Supplies) Chemida (India), Bombay Heavy Machic Building Project (Heavy Engineering Corporation Ltd.), Ranchi Walchandnagar Industries Ltd., Walchandnagar Delhi Cloth & General Millr Co. Ltd., Delhi Directorate General of Ordnance Factories (Ministry of D&ace). Calcutta Indian Chemical Manufacturera Association, Calcutta Fertilizer Corporation of India, New Delhi Indian Institute of Technology, Bombay

Larsen and

Toubro Ltd., Bombay Dun

Ilxlian Institute of Petrolaxm &SIR), D&a Indian Imtitutc of Science, Bang&xc Burrnab-S&U Refrnaia Ltd., Bombay

INDIAN
MANAK

STANDARDS
BHAVAN, 9 BAHADUR
NEW .DELHI

INSTXTUTION
SHAH ZAFAR MARC
lliOO!2

Is:

3030-1955

Mmbm
K. MODY SHIU F. V. B. FERNANDES (Alfemafc) SHRI K. C. MDHAN DR. M. U. PAX
SHRI M. V. KUNTE (Abmk)

Reprermfiag Euo Standard Relining Co. of India Ltd., Bombay Hiidustan Steel Ltd., Ranchi National Chemical Laboratory (CSIR). Poona Tata Chemicals Ltd., Mithapur Indian Institute ol Technology, Tbc K.C.P. Ltd., Madras Kharagpur

SHEI 3.

PxNsluKAn &RI A. P. NAR.WANAN(Aknefu) DR. M. N. RAO Sm V. hf. RAO Smo K. SXWANNWXAN~ (Ahmak) SHRI P. B. Dofunw~ (Alfmzf~) SHRI J. Rusarolr SHlU s. GIfosf (Alfcrmfr) SHIU P. K. Seswa

SHRl R.

Imperial Chemical Industries (India) Private Ltd., Calcutta `Directorate General of Technical Developme~~f (DcparWcnt Technical Development) of

SHRI S. K. Sww. (Alfcrnafe) Indo-Berolina Indusuiu Private Ltd., Bombay Snru M. T. SHMI Smtr P. V. S. NAMBOOTH~RIPAD (Alfemale) The A. P. V. Engineering Co. Private Ltd., Cakutta SRRZ N. THANDAVAN SHIUJ. G. Bsowrr (AIfmafr) Regional Research Laboratory (CSIR). Hydcrabad DR. Y. VENMWHAM DR. C. CHENNAREDDY (Alfmufr) Project Engineers Private Ltd., Madras SHRI M. C. VEROHE~E DR. D. N. DA~~~AI.LA (Alfmafc) Diictor, 1SI (F..x-o&io Member) Stm M. V. PATMEAR, Deputy Director (h&h Eng)

&&ant

Director (Mech Eng), ISI

Basic Chemical
%mvma PROF. N.

Engineering

Standards

Subcommittee,

EDC

57

: I

R. Ku~ooa Members

Indian lattitutc of Science, Bangalore

SHRI J. M. AYAN Dvrr DR. D. C. TAPADAX(Alfmft)
Da. H. E. ?zDUx.~

Indian Institute of Chemical Engineers. Calcutta
Indian Chemical Manufacturen Auociation,

Calcutta

SHR~SUBODH KSnxr A. K. GUPTA !&RI M. V. Kuri~~ SHP.Z J. B. Matx SHRJP. C. Srunza SxxruK. C. MOH~

M-RJX~

(Alfrmnfr) D&i Cloth & Ccneral MiIls Co. Ltd., D&i National Chemical Laboratory (CSIR), Poonr BurmabShdl Rcfmcria Ltd., Bombay Hindustan Steel Ltd., Ran&i

(Akmafc)

2

Ist CONTENTS

3030-11965

PAGE 0. 1. 2. 3. FOREWORD SCOPE ...... ......... ......... ...... ... ... ... ...
...

4 5 5 7 8 8 8 8 9 10 10 11 ,12 13 15 16 17 17 18 19 20 20 29

PRmclPLEs SYMBoLs............ A

SCHEDULE

SYIUBOL~ FOR PHYSICALQUANTITIES ... ... ... ... ... ...

... ... ... ... ... ... ... ... ...

1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 11.

General Constants Mensuration Kinematics Mechanics Light ... ... ... ...

... ... ... ... *. . ... ...
1..

Heat and Thermodyiwnics

Chemical Composition and Reaction Electrochemistry Dimensic#ss Parameters ... ... ... ... ... ...

.

.

.

... ... ... ... ... ... ... ... ... ...

Unit Operations . . . Technical Chemistry ...

.

.

.

.

.

.

SCHEDULE B

.

.

.

Abbreviations for Units

.

.

.

Prefkes Denoting Decimal Multiples or Sub-multiples APPENDIX A IyDExm ... ... ... ... ... 3 ... ... ... ... ... .,. ... ...

Symbol Index Turn Index

Is:

3030-1965

Indian Standard
RECOMMENDATIONS FOR LETTER SYMBOLS, SIGNS AND ABBREVIATIONS USED IN CHEMICAL ENGINEERING
0.

FOREWORD

0.1 This Indian Standard was adopted by the Indian Standards Institution on 3 M~.rch 1965, after the draft finalized by the Chemical Engineering Sectional Committee had been approved by the Mechanical Engineering Division Council. 0.2 Letter symbols which consist of one letter or more standing for a physical quantity or concept, and abbreviations which are shortened forms of names or expressions are widely used in all branches of knowledge. 0.3 In any branch of knowledge it would be a great advantage if quantities, units and concepts are always represented by a generally agreed set of symbols. 0.4 This recommendation is one of a series of Indian Standard recommendations on letter symbols brought out by the Indian Standards Institution. 0.5 In the preparation of this recommendation, attention has been given to the recommendations at the international level and to the usages in UK, USA and other countries. Assistance has been taken from the following recommendations and standards : ISO/R. 31/I-1956 Fundamental quantities and units of the MKSA svstem and quantities and units of space and time. Intemational Organization for Standardization. [Endorsed as IS : 1890 (Part I) - 1961.1 ISO/R 31!II-1958 Quantities and units of periodic and related phenomena. International Organization for Standardization. [Endorsed as IS : 1890 (Part II)-1961.1 ISO/R 31/111-1960 Quantities and units of mechanics. `Organization for Standardization. [Endorsed (Part III)-1961.1 ISO/R 31/IV-1960 Quantities and units of heat. Organization for Standardization. [Endorsed (Part IVj-1961.] ISO/TC 12 (Secretariat-156) 446 and magnetism. International 4 International as IS : 1890 International as IS : 1890

Q uantities and units of electricity Organization for Standardization.
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ISO/TC 12 (Secretariat-158) 449 Q uantities and units of acoustics. Internationel Organization for Standardization. ISO/TC 12 (Secretariat-182) 507 Dimensionless parameters. International Organization for Standardization. ISO/TC 12 (Secretariat-192) 558 Q uantities and units of light and International' Organization related electromagnetic radiations. for Standardization. ISO/TC 12 (Secretariat-195) 561 Quantities and units of physical International Organization chemistry and molecular physics. for Standardization. B.S. 1991 : Part 2 : 1961 Recommendations for letter symbols, signs and abbreviations : Chemical engineering nuclear science and applied chemistry. British Standards Institution. ASA Y 10.12-1955 Letter symbols for chemical engineering. The American Society of Mechanical Engineers. 0.6 A selection of letter symbols used in domains other than chemical engineering are also included in this recommendation to make it self-contained. 0.7 Two indexes, one for the symbols and other for the words and terms used in this recommendation, have been given at the end, to facilitate easy reference. An appendix containing Greek alphabets is also included for information (see Appendix A).

1. SCOPE 1.1 This standard deals with the letter symbols and abbreviations used in chemical engineering and also with the modifying signs that are used with these symbols. 2. PRINCIPLES 2.0 The number of alphabets and founts readily available in the Latin and Greek scripts, the two scripts generally used for this purpose, are not unlimited. To secure the best distribution and maximum utility, the following general principles have been adopted. It is recommended that these principles should be followed in printed literature and also observed, as far as possible, in manuscripts and type-scripts. 2.1 Symbols for Physical Quantities - These normally consist of single letters of Latin or Greek alphabet and are used to represent quantities for which they stand for, especially in equations to show the relationship between them. Example : PV=nRT 5

_
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21.1 When letters in the Latin alphabet (capitals or lower case) are used for this purpose, they are to be printed in Italic type, except for the distinctive bold-face type used for vector quantities. 21.2 Either capitals or lower case letters may be used in these cases if there is no fear of ambiguity. However, sometimes the capital letter is used in the most general sense while the lower case letter is used in special sense. For example, the symbol H stands for enthalpy, while h is used as symbol for the specific enthalpy, which is enthalpy per unit mass. 22 other Symbols and Abbreviations for words including These include: abbreviation for names and

a) those denoting mathematical b) abbreviations units; and

quantities, operations and constants;

c) symbols for chemical elements. Generally, letters in the Latin alphabet (capitals and lower case) are used for this purpose and they are printed in the upright type (Roman). 23.1 Mafhemafical Quantifies, Operations and Consfanfs- The usage of symbols relating to mathemattcal quantities, operations and constants are very well understood; so, they are not touched upon in this recommendation except the usage regarding the numerals. Numbers should generally be printed in upright type. To facilitate reading of large numbers, the figures shall be grouped together in threes with a thin space between them. In mathematical quantities, smaller than unity, a zero should precede the decimal point (see IS : 12-l!%*).

IncwrGct I. 5,716,500' 2. 3. 4. 5. 76252 5437 642 251 6.7 2.01 356 a1256 73

CO77CCt 5 716 500 7 625 254.378 42 `2 516.7 2.013 56 0.125 673

In the layout of values expressed as a particular number of units, there should preferably be a thin space between the number and the unit.
Exnmple :

210 m
*Guide for drafting Indian Standards (second revision) .

6
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for units shall be in upright type (Roman) 2.2.2 Units -Abbreviations and remain unahered in plural. They shall not carry a full stop as part of the abbreviation. In case-s where the abbreviation may result in ambiguity, the unit shall be spelled in full. Example : 4.2 1 or 4.2 litres Decimal multiples or submultiples of tits are formed by adding a p&x to the name of the unit (see Schedule B). Symbol for the prefixes are printed in upright type (Roman) without space between the symbol for the prefix and the unit. Compound prefixes are not recommended. The abbreviation for a unit which consists of a product of more than one unit is normally written with a point half-way up between the two units. Example : mkgf for metre kilogram-force

To avoid ambiguity, it is recommended that not more than one solidus be used in the abbreviations of any combination of units in the same line unless parentheses are inserted. 3. SYMBOLS 3.1 In this recommendation, the symbols recommended have been grouped under the following schedules: a) Symbols for Physical Quantities-Schedule b) Abbreviation for Units-Schedule B. A; and

3.2 There are many cases in this recommendation where more than one symbol for a particular quantity is given. Where a particular symbol is to be preferred to other symbols, it is separated from the other symbols by a series of dots. Symbols which are of equal status are separated by commas. Examples : % 8, Y a ... % K For coefficient of thermal expansion, cubic For thermal diflksivity
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SCHEDULE A SYMBOLS 1. GENERAL FOR PHYSICAL CONSTANTS QUANTITDZS

Symbols for these constants may be printed in sloping bold (Latin or Greek) type to distinguish them from symbols for variables. TERM velocity of propagation of electromagnetic waves in vacua (speed of light) Avogadro's number gas constant, molar (universal) Boltimann's constant Faraday's constant elementary charge rest mass of electron Planck's constant Stefan-Boltzmann constant standard acceleration due to gravity (9406 65 m/s") 2. MENSURATION length height breadth number (in general) radius diameter angle, plane angle, solid area volume 3. KINEMATICS time period period of decay or growth frequency wave number wave length t lSYMBOL

h
6
R

Q, "

L % 8,
A.. .S

Y> 8,

4

v...v.

&
cr.. . ;

A
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TERM velocity, linear speed of sound velocity, angular acceleration, linear acceleration, angular acceleration due to gravity 4. MECHANICS mass density (mass/volume) density, relative momentum force weight moment of force bending moment pressure work energy energy, kinetic energy, potential power efficiency dynamic moment of inertia (moment of inertia) second moment of area (second axial moment of area) radius of gyration frequency of rotation (revolutions/time) stress, components of stress, normal stress, shear strain, linear strain, shear (shear angle) strain, volume (bulk strain) modulus of elasticity (Young's modulus) modulus of rigidity (shear modulus) bulk modulus (modulus of compression) 9 m
P
SYMBOL

d P F

G...P, W
M
M

P

A, W
E,

w

-G, K, T E,, u, K @
P
17

Li 44
k

n
u (with appropriate subscripts) 0 7 e, 6 ;

E G K

zs : 3030- 1965 TERM compressibility (bulk compressibility) Poisson's ratio (poisson's number) deflexion torque .(moment of a couple) angle of twist section modulus coefficient of friction (factor of friction) viscosity, dynamic fluidity viscosity, kinematic surface tension 5. LIGHT refractive index 6. HEAT AND THERMODYNAMICS n

temperature, absolute (thermodynamic temperature) temperature, empirica (customary temperature) coefficient of thermal expansion, linear coefficient of thermal expansion, cubic quantity of heat enthalpy enthalpy, specific entropy entropy, specific free energy (Helmholtz function) F= U- IS free energy, specific Gibbs function G= lJ+p V- TS Gibbs function, specific internal energy interna energy, specific Latent heat latent heat, specific (often called `latent heat') partition function heat capacity specific heat capacity (often called `specific heat') 10

1; fl
40
4, A % 8, Y

Q
H...I h . . .z. S

ls:
TERM specific heat capacity at constant pressure specific heat capacity at constant volume ratio of specific heat capacity at constant pressure to that at constant volume vapour pressure thermal conductivity thermal diffusivity emissivity (total emissivity) heat flow rate (heat/time) heat flux intensity or density of heat flow (heat/area x time) heat transfer, coefficient of (heat/area x time x temperature difference) heat transfer coefficient, overall radiation, intensity of absorptance (absorption factor) reflectance (reflection factor) transmittance (transmission factor) Joule Thompson coefficient afhnity chemical potential activity (absolute) activity (relative) activity coefficient (relative activity/mole fiaction) osmotic pressure osmotic coefficient 7. CHEMICAL COMPOSITION

3030-1965

SYMBOL

ib
a.

A.. .k
..d(,
K

i...q

!7*.

*d

h, e

AND REACTION 5 4 M, x *, v n =$ n
V'

atomic number atomic weight molecular weight number of molecules number of moles (amount of a substance) number of density of molecules (or particles) stoicheiometric number of molecules degree of dissociation. 11

4
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TERM
snbfBoL

molar fraction (mole fraction) molecular concentration of component B ca "NB /v molarity of component B (amount of substance of component B per unit volume of mixture) molality (amount of solute. per unit mass of solvent) surface concentration partial pressure of component B fug-a&y of component B velocity constant of reaction activation energy tequilibrium constant difIitsion coefficient diffusion coefficient, thermal 8. ELECTROCHEMISTRY electric potential, potential difference electric current electric charge, quantity of electricity resistance to direct current inductance capacitance energy, electrical power, electrical electrovalency ionic strength electrolytic conductivity conductivity, molar ionic conductivity, equivalent transport number electromotive force single electrode potential electrolytic polarization, overpotential electrokinetic (zeta) potential of an ion (charge number of an ion)

X CB CB,
m

PI

g,pa*
k

r

E K

D

DT

V I

CL
R

L G
W

P f
Y> K7 IJ

4
A t

E
E (with subscript) 7) 5

tWith appropriate subscripts fi, c? x or m depending on whether fugacitics (or partial pressures), concentrations, mole fractions Or molaiities are used to define the equilibrium constant.

12
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DESIGNATION SYMBOL DEFINITION RESomeJimes cqlled Sherman number :Sh Pe = Re. Pr Pe* = Re. SC = PelLe

.. !!I , w Q

Nusselt number for mass transfer Peclet number Peclet number for mass transfer Praqdtl number Rayleigh number z Reynolds number Schmidt number Stanton number

flu_*
Pe Pe* Pr Ra Re SC St
Ra =

`RPC,gfl~e =- c!sa~
77h
va
d/v

Ra = Cr. Pr

Re = pvl/~ = St = hIpvclj

SC = q/pD = v/D St = Nu/Pe

Stanton number for mass transfer Weber number
Dimensionless Factors

St* We

St* = klpv
We = pv21/a

Sometimes called Margoulis number St* = Nu*/Pe*

Mass transfer factor Heat transfer factor

j,

=

St*. &$

j = St. Pr+
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used in the definitions of dimensionless

thermal diffusivity Velocity of sound Specific heat capacity at constant pressure Diffusion coefficient acceleration due to gravity heat transfer coefficient mass transfer coefficient (mass/time X cross-sectional area) length a pressure or pressure difference time velocity coefficient of expansion, cubic
3P -- 1 P 0 ax TIP

temperature difference molar fraction difference dynamic viscosity thermal conductivity kinematic viscosity density surface tension 10. UNIT TERM General film thickness fraction by volume mass fraction of component B fractional voidage fractional hold-up head, hydrostatic (general) humidity humidity at saturation humidity at wet-bulb temperature 15
b x0

OPERATIONS
SYMBOL

WB
E

x

h H

H, HW
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TERM
humidity at adiabatic saturation temperature humidity, relative interfacial area/common volume moIe or mass fraction in heavy or extract phase mole or mass fraction in light or raffinate phase slope of equilibrium curve
Rate Concepts

sYM_BOL H& HR

a x Y m

Quznti~ time, in general

heavy or extract phase rate light or raffinate phase rate mass rate of flow volumetric rate of flow wetting rate (weight/length x time)
Quanti~ time mass velocity

L V
W

F

ti

heat transfer coefficient, overall heat transfer coefficient, individual mass transfer coefficient, individual (mass/time sectional area) mass transfer coefficient, individual gas film mass transfer coefficient, individual liquid film mass transfer coefficient, overall mass transfer coefficient, overall gas fihn mass transfer coefficient, overall liquid film

u
h, 4
x
k

kc kL
K

rr,
kL

11. TECHNICAL
Spectrofihotometry

CIIEMISTRY

absorption coefficient extinction coei%cient molecular extinction coefficient optical density extinction (=d)
16

IS : 3030 - 1965
TERM Chromatography distance travelled by substance sought, divided distance moved by solvent front b) RF SYMBOL

KOTE 1 - The following recommendations are made for the use of subscripts belonging to a general system, indicating, for example, the position, time, of substance for which observation is made: Subscripts 1, 2, 3 referring to different points in an apparatus, process or cycle, which may be different to locations or different instants of time. Subscripts A, B, C referring to different substances in an apparatus, process or cycle. NOTE 2 -The subscript m is to be used with the symbol for physical quantities to denote molar quantities.

SCHEDULE ABBREVIATIONS
TERM ABBREVL4TION m (or micron j pm a 0 ., . .>3 . rad for m2

B FOR UNITS
TE~LM ABBREVIATION rad/s c/s rev jmin g t dyn N kgf bar atm mfig P St hour metre

metre micrometre Qngstrom degree : minute : second (angle) radian square metre (similarly millimetre; cubic metre cubic millimetre, litre second (time) minute (time) hour day year etc) (similarly etc) for square centimetre, square

radian per second cycle per second revolution per minute gram tonne dyne newton kilogram-force *bar atmosphere, normal millimetre of mercur)

m3

centimetre,

cubic

1 S
min 11 d a

(conventional) poise stokes joule kilowatt kilogram-force

J

kWh

k&m

*Millibar is widely used in meteorological barometry and its name is often abbreviated to mb.

17
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ABBRJ%VIATION
Cd

TERM

ABBREVIATION

calorie watt *degree Celsius (temperature value) degree Kelvin (temperature value) degree Kelvin (for interval) coulomb

W "C "K

ampere volt ohm electronvolt farad henry curie rontgen hydrogen ion exponent

A v rid eV F H
C

deg
C

PREFIXES

DENOTING DECIMAL SUB-MULTIPLES PREFIXI tera g;ga mega kilo hecto deca deci centi milli micro nano pica femto atto

MULTIPLES

OR

MULTIPLES AND SUB-MULTIPLES

SYMBOIS T G M k h da d
C

lO= 109 108 103 `10" 10 10-l IO-2 10-s 10-B 10-s 1o-12 10-16 1O-18

m c1 n ; a

*Formerly cakd `Centigrade'. The use of the name `Centigrade' for this was abandoned by the Conference General des Poids et Mesures in 1948.

18
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APPENDIX (Clause 0.7) THE GREEK
alpha beta gamma delta epsilon zeta eta theta iota kappa lambda mu nu xi omicron Pi rho .sigma
tall

A

ALPHABET A l3 r A E z H 8 I K A M N 5 0 II P z T Y CD X Y s-2

upsilon Phi chi psi omega

19
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INDEXES
(Clause 0.7) SYMBOL INDEX
NOTE SYMBOL
1.

Index

numbers

are page numbers.

QUANTITY
Symbols from Latin Alphabet

A A A

A*
a a
a a

bl Bi 6
b c c G
C E

Affinity 11 Area 8 Work 9 Atomic weight 11 Acceleration, linear 9 Inte&cial area/Common volume 16 Relative activity 11 Speed of sound `9 Thermal diffiivity 11 Molarity of component B 12 Biot number (nusselt number) 13 Breadth 8 Film thickness 15 Capacitance 12 Heat capacity 10 Molecular concentration of component B 12 Light, speed of 8 Specific heat capacity (often called `specific heat') 10 Speed of sound 9 Velocity, linear 9 Velocity of propagation of electromagnetic waves in vacua 8 Molarity of component B 12 Specific heat capacity at constant pressure 11 Specific heat capacity at constant volume 11 Diffusion coefficient 12 Thermal diffusion coefficient 12 Density, relative 9 20

iSX3030-1965
SYMBOL

QUANTITY Diameter 8 Optical density 16 Activation energy 12 Electromotive force 12 Energy 9 Extinction (=d) 16 Single electrode potential

d d E

E E E (with SEubscript)
E E Ek EP Eu e e ; F F Fo Fo* F, $ fs

12

f,

G G G G

G, Gr g g g -4%

Internal energy 10 Modulus of elasticity (Young's modulus) 9 Kinetic energy 9 Potential energy 9 Euler number 13 Elementary charge 8 Linear strain 9 Specific internal energy 10 Faraday's constant 8 Force 9 Free energy (Helmholtz function) 10 Fourier number 13 Fourier number for mass transfer 13 Froude number 13 Activity coefficient 11 Coefficient of friction (factor of friction) 10 Frequency 8 Specific free energy 10 Fugacity of Component B 12 G-ibbs function 10 Mass velocity 16 Modulus of rigidity (Shear modulus) 9 Weight 9 Grashof number 13 Grashof number for mass transfer 13 Accekratior: due to gravity 9 Osmotic coefficient 11 Specific Gibbs function 10 Standard acceleration due to gravity 8 21
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QUAXTITY Enthalpy 10 Humidity 15 Humidity at adiabatic saturation temperature 16 Relative humidity 16 Humidity at saturation 15 Humidity at wet bulb temperature 15 Coefficient of heat transfer 11 Heat transfer coefficient, individual 16 Height 8 Hydrostatic head (general) 15 Pianck's constant 8 Specific enthalpy 10 Dynamic moment of inertia 9 Electric current 12 Enthalpy 10 Inductance 12 Intensity of radiation 11 Ionic strength 12 Second moment of area (Second axial moment of area) 9 Second moment of area (Second axial moment of area) 9 Intensity of radiation 11 Specific enthalpy 10 Dynamic moment of inertia 9 Heat transfer factor 14 Mass transfer factor 14 Bulk modulus (Modulus of compressionj 9 Equilibrium constant 12

H H

HS
HR

HS
HIV
h h h h h h I I I
I I

I I

Is

4 i j j
Jm

(with

subscript) x K x

a;propriate
KG
rr, k

K

Bxtinc tion coefficient 16 Kinetic energy 9 Mass transfer coefficient, overall 16 Mass transfer coefficient, overall gas film 16 Mass transfer coefficient, overall liquid film 16 Boltzmann's constant 8 22
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QUANTITY Extinction coefficient 16 iMass transfer coefficient, individual 16 Mass transfer coefficient, individual gas film 16 Mass transfer coefficient, individual li uid film 16 Radius of gyration 9 Thermal conductivity 11 Velocity constant of a reaction 12 Avogadro's number 8 Heavy or extract phase rate 16 Latent heat 10 Lewis number 13 Length 8 Specific latent heat 10 Bending moment 9 Moment of force 9 Mach number 13 Molecular weight 11 Margoulis number (Stanton number) 14 Molality 12 Mass 9 Slope of equilibrium curve 16 Rest mass of an electron 8 Number of molecules 11 Avagadro's number 8 LNusseltnumber 13 Nusselt number for mass transfer 14 Frequency of rotation (revolutions/timez) 9 Number (in general) 8 Number density of molecules (particles) 11 Number of moles (amount of a substance) 11 Refractive index 10 Power 9 Power (Electrical) 12 Weight 9 Peclet number 14 Peclet number for mass transfer 14 Prandtl number 14 23

k k

kc kL
k k k L L L Le 1 1

M M
Ma

1%
MS
m

m m

me
.N .NA JVU

J?iL*
n n

n
n

I;,
P P Pe Pe* Pr
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QUANTITY

'

P P P

PB*
PB

z
Q

si
R Ra

4 4

Re

RF
;
S

SC Sh St St*
s

T T

zT t t

u u

u

Momentum 9 Pressure 9 Vapour pressure 11 Fugacity of component B 12 Partial pressure of component B 12 Partition function 10 Quantity of electricity, electric charge 12 Quantity of heat 10 Heat flow rate (heat/time) 11 Heat flux intensity (heat/area x time) 11 Volumetric rate of flow 16 Gas constant, molar (universal) 8 Resistance 12 Rayleigh number 14 Reynolds number 14 Distance travelled by substance sought, divided by distance moved by solvent front 17 Radius 8 Area 8 Entropy 10 Schmidt number 14 Sherman number (Nusselt number for mass transfer) 14 Stanton number 14 Stanton number for mass transfer 14 Specific entropy 10 Absolute temperature (Thermodynamic temperature) 10 Kinetic energy 9 Period 8 Torque (Moment of a couple) 10 Empirical or Customary temperature 10 Time 8 Transport number 12 Heat transfer coefficient, overall 11, 16 Internal energy 10 Potential energy 9 24
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QUANTITY
Specific internal energy 10 Velocity, linear 9 Electric potential (Potential difference) 12 Fight or raffmate phase rate 16 Potential energy 9 Volume 8 Velocity, linear 9 Volume 8 Energy 9 Energy, electrical 12 Section modulus 10 Weight 9 Work 9 Weber number 14 Mass fraction of component B 15 Mass rate of flow 16 Velocity, linear 9 Fractional hold up 15 Mass fraction in heavy or extract phase 16 Mole fraction in heavy or extract phase 16 Molar fraction (Mole fraction) 1 I Fraction by volume 15 Fraction by weight 15 Mass fraction in light or rafBnate phase 16 Mole fraction in light or rafhnate phase 16 Atomic number 11 Partition function 10 Section modulus 10 Electrovalency of an ion (Charge number of an ion) 12

u
U

V V V V V V W W W W W We

W*
w
W

x x

x
SC

xv % Y
Y

5 %
e

2. Symbols
4 4,

from Greek Alphabet

rc

Absorption coefficient 16 Absorption factor (Absorptance) Angle, plane 8 25

11

QUANTITY

6, 6 8, 6 6, 6 8, 8
K
K

Angular acceleration 9 Coefficient of heat transfer 11 Cubic coefficient of thermal expansion 10 Degree of dissociation 11 Heat transfer coefficient 11 Heat transfer coefficient, individual 16 Linear coefficient of thermal expansion 10 Thermal diffirsivity 11 Angle, plane 8 Cubic coefficient of thermal expansion IO Surface concentration 12 Wetting rate (weight/length x time) 16 Activity coefficient 11 Angle, plane 8 Cubic coefficient of thermal expansion 10 Electrolytic conductivity 12 Ratio of specific heats 11 Shear strain 9 Surface tension 10 Deflexion 10 Emissivity (Total emissivity) 11 Fractional voidage 15 Linear strain 9 Molecular extinction coefficient 16 Zeta potential (Electrokinetic potential) 12 Coefficient of friction (Factor of friction) 10 Dynamic viscosity 10 Efficiency 9 Electrolytic polarization, overpotential 12 Absolute temperature (Thermodynamic temperature) 10 Angle of twist 10 Angle, plane 8 Empirical or Customary temperature IO Volume strain (Bulk strain) 9 Compressibility IO Electrolytic conductivity 12 26
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QUANTITY
Ratio of specific heats 11 Thermal diffusivity 11 Equivalent ionic conductivity 12 Molar conductivity I2 Absolute activity 11 Linear coefficient of thermal expansion 10 Thermal conductivity 11 Wave length 8 Absorption coefficient 16 Chemical potential 11 Coefficient of friction (friction factor) 10 Dynamic viscosity 10 Joule Thomson coefficient 11 Poisson's ratio 10 Frequency 8 Kinematic viscosity 10 Number of moles (amount of a substance) 11 Poisson's ratio IO Stoicheiometric number of molecules 11 Wave number 8 Osmotic pressure 11 Angle, solid 8 Velocity, angular 9 Angle, solid 8 Heat flow rate (heat/time) 11 Potential energy 9 Angle, plane 8 Fluidity 10 Heat flux intensity (heat/area x time) 11 Osmotic coefficient 11 Density (mass/volume) 9 Reflection factor (Reflectance) 11 Electrolytic conductivity 12 Normal stress 9 Stefan-Boltzmann constant 8 Stress, component of 9 Surface tension 10 27
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,
QUANTITY

(with appropriate

subscript) a 7 7 7

Wave number 8 Period of decay or growth 8 Shear stress 9 Transmission factor (Transmittance)

11
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INDEX
are page numbers. Chemical potential 11 Chromatography 17 Coefficient, absorption 16 Coefficient, activity 11 Coefficient, diffusion 12 Coefficient, diffusion (Thermal) 12 Coefficient, extinction 16 Coefficient, heat transfer (Individual) 16 Coefficient, heat transfer (Overall) 11, 16 Coefficient, Joule Thomson 11 Coefficient, mass transfer (Individual) 16 Coefficient, mass transfer (Overall) 16 Coefficient, molecular extinction 16 Coefficient of friction 10 Coefficient of heat transfer 11 Coefficient of thermal expansion, cubic 10 Coefficient of thermal expansion, linear 10 Coefficient, .osmotic 11 Comprewbility (Bulk compressibility) 10 Compression, modulus of (Bulk modulus) 9 Concentration (molar), of a substance B (molarity of component B) 12 Concentration (molecular) of component B 12 Concentration, surface 12 Conductivity, electrolytic 12 Conductivity, equivalent ionic 12 Conductivity, molar 12 Conductivity, thermal 11 Constant, Boltzmann's 8 Constant, equilibrium I2 Constant, Faraday's 8 Constant, gas 8 Constant, Planck's 8 Constant, Stefan-Boltzmann 8 Coulomb 18 Couple, moment of (Torque) 10 Cubic coefficient of thermal expansion 10 Curie 18 Current, electric 12 Cycle per second 17

Index numbers

A
Abbreviation for unit 17 Absolute activity 11 Absolute temperature (Thermodynamic temperature) 10 Absorptance (Absorption factor) 11 Absorption coefficient 16 Absorption factor (Absorptance) 11 Acceleration angular 9 Acceleration due to gravity 8,9 Acceleration, linear 9 Activation, energy 12 Activity, absolute 11 Activity coefficient 11 Activity, relative 11 Affinity 11 Ampere 18 Angle of twist 10 Angle, plane 8 Angle, solid 8 Angstrom 17 Angular acceleration 9 Et;? velocity 9 Atmosphere, normal 18 Atomic number 11 Atomic weight 11 Atto (prefix) 18 Avogadro's number 8

B
Bar 17 Bending moment 9 Biot number (Nusselt number) 13 Boltzmann's constant 8 Breadth 8 Bulk compressibility (Compressibility) 10 Bulk modulus (Modulus of compression) 9 Bulk strain (Volume strain) 9

D
Day 17 Dcca (prefix) 18 Deci (prefix) 18 Deflection 10 Degree (angle) 17 Degree Celsius 18 Degree Kelvin 18 Degree of dissociation ii Degree (temperature interval) 18 Degree (temperature value) 18

C
Calorie 18 Capacitance 12 Centi (prefix) 18 Charge, electric (Quantity of electricity) 12 Charge, elrmmtary 8 Charge number of an ion (Electrovalency of an ion) 12 Chemical composition and reaction 11

29

Da&y
~+ty. &Tgti%

(mass/vohune) 9

of &at
16

flow rate (Heat flux

Factor, mass tramfcr 14 ;actc&r;~fiktion (cocrlieicnt of fkiction) 10 Faraday's constant 8 FGt$FPd 1:" 10

~~ativ= g DifKlsion . . ccdBcicnt 12

DliThonealt,theMlal

Diffusivity, thermal 11 Dimukonlcdafkctor 14 Dimalsionlcss quantity 13,14 Dissociation,dcgrcc of 11 Dynamic moment ofinertia 9 Dynamicviacu&y 10 Dyne 17 E

12

2%

EtEciaCy 9 3Sla@ity, modulus of -9 ;;-& zt ($u-ty of electricity) 12 Electricity, quantity of 12 Elcctricpotcntial12 Ekctmchemistry 12 Elcctrokinetic (Zeta) potential 12 Electrolytic conductivity 12 Electrolytic p&rization 12 Electromotiveforce 12 Electron, rest mass of 8 Electronvolt 18 Elcctrovalcncy of an ion 12 Blementarychargc 8 Emkivity (Total cmissivity) 11 Energy9 Enagy, activation 12 Energy, dcctricall2 ~;&zl En :=-al" 10 g

Force, momcut of 9 Fourier number 13 Fourier number for mass transfer 13 Fractional hold-up 15 Fractional voidage 15 Fraction by volume 15 Fraction by weight 15 Free energy (Helmholtz function) 10 Free energy, specific 10 Frequency 8 Frequency of rotation (revolutions/time) 9 Friction, coefficientof 10 Froudcnumber I3 Fugacity of component B 12

G
Gas constant, molar (universal) 8 Gibbs function 10 Gibbs function, specific 10 ($?a_(~~~) 18 Grashof numba 13 Grashof number for mass transfa 13 Gravity, acceleration due to 9 Gravity, standard accelaation due to 8

H
Head, hydrostatic (general) 15 Heat and thermodynamics 10 Heat capacity pa mole 10 Heat capacity, specific IO! Heat capacity, specitk, at czmstant pressure 11 Heat specific. at constant capacity, vohuneT1l __ _ Heat flow, density of (Heat flux intensity) 11 Heat flow rate (heat/time\ 11 Heat flux i&n.& `(&n&y of heat flow rate) 11 Heat, quantity of 10 Heat transfa coefficient,individual 16 Heat tsansfa, cocfkkt of 11 Heat tramfcr cocfEcimt, ovaall 11,16 Heat tramfkr factor 14 Heavy (extract) phase rate 16 Hecto(prdix) 18

En&al& 10 Enthalpy, specific 10 Entropy 10 Entropy, specific 10 Equilibriumc4mstant 12 Equilibrium curve, slope of 16 F.quivalentionic conductivity 12 Eulernumber 13 Extinction (=d) 16 Bxtinction coefikicnt 16 Estract(%~y)phaxratc 16 F
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Height 8 fk~rn~o~; function (Free energy) 10

3030-1965
16 16

Hold-up, fractional 15 Hour 17 Humidity 15 Humidity at adiabatic saturation prrature 16 Humidity at saturation 15 Humidity at wet bulb temperature 15 Humidity, relative 16 Hydrogen ion exponent 18 Hydrostatic head (general) 15

trm-

I
Inductance 12 Inertia,. dynamic moment of 9 Intensrty of radiation 11 Interfaciai area/Common volume 1b Internal energy 10 Internal energy, specific 10 Ion, electrovalency of (Charge rmmber of ion) 12 Ionic conductivity, equivalent 12 Ionic strength 12

J
Joule 17 Joule Thomson coefficient 11

K
Kilo (prefot) 18 Kilogram-force 17 Kilogram-force metre 1'7 Kilowatt hour 17 Kinematics 8 Kinematic viscosity IO Kinetic energy 9

L
Latent heat 10 Latent heat, specific 10 Length 8 Lewis number 13 Light (rafhnate) phase rate 16 Light, speed of 8 Linear coefficient of thermal expansion Linear strain 9 Litre 17

Mass 9 Mass fraction in heavy or extract phase Mass fraction in light or raffinate chase Mass fraction of &mponent B 15' Mass of electron, rest 8 Mass rate of flow 16 Mass transfer coelhcicnt, individual 16 Mass transfer coefficient, overall 16 Mass transfer factor 14 Mass velocity 16 Mechanics 9 Mega (prefix) 18 Mensuration 8 Mercury, millimetre of 17 Metre 17 Micro (prefix) 18 Micrometre (Micron) 17 Micron (Micrometre) 17 Milli (prefix) 18 Millimetre of mercury 17 Minute (angle) 17 Minute (time) 17 Modulus of compression (Bulk modulus) Modulus of elasticity (Young's modulus) Modulus of rigidity (Shear modulus) 9 Molality 12 Molar conductivity 12 Molar fraction 11 Molar gas constant (universal) 8 Molarity of component B 12 Molecular concentration of component Molecular extinction coefficient 16 Molecular weight 11 Molecules, number density of 11 Molecules,. number of 11 Mole fractron in heavy or extract phase Mole fraction in light or raflinate phase h4ole fraction (Molar fraction) 11 Moles, number of 11 Moment, bending 9 Moment of a couple (Torque) 10 Moment of force 9 Moment of inertia 9 Momentum 9

9 9

B 12

16 16

N

~~Jor$d
10 Normal Normal Number Number, Number, Number, Number Number,

18

M
Mach number 13 Margoulis number (Stanton number) 14

atmosphere 17 stress 9 (in general) 8 atomic 11 Avogadro's 8 Biot (Nusselt number) 13 density of molecules (or partides) Euler 13

1I
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Pressure 9 . Prmure, osmotic 11

Number, Fourier 13 Number, Fourier (mass transfer) 13 Number, Froude 13 Number, Grashof 13 Number, Grashof (mass transfer) 13 Number, Lewis 13 Number, Mach 13 Number, Margoulis (Stanton number) 14 Number, Nusselt 13 Number, Nusselt (mass transfer) 14 Number of molecules 11 Number of moles 11 Number, Peclet 14 Number, Peclet (mass transfer) 14 Number, Prandtl 14 Number, Rayieigh 14 Number, Reech (Froude number) 13 Number, Reynolds 14 Number, Schmidt 14 Number, Sherman (Nusselt number for mass transfer) 14 Number, Stanton 14 Number, Stanton (mass transfer) 14 Number, Weber 14 Nusselt number 13 Nusselt number for mass transfer 14

Pressure, partial 12 Pmsure, vapour Ii

Q
Quantity, dimensionless 13, 14 Quantity of electricity 12 Quantity of heat 10

RRadian 17 Radian per second 17 Radiation, intensity of 11 Radius 8 Radius of gyration 9 Raffiate (light) phase rate 16 Raleigh number 14 Rate of flow 16 Ratio of specific heats 11 Reaction, velocity constant of 12 Reech number (Froude number) 13 Reflectance (Reflection factor) 11 Reflection factor (Reflectance) 11 Refractive index 10 Relative activity 11 Relative humidity 16 Resistance to direct current 12 Rest mass of an electron 8 Rwolution per minute 18 Revolution/time (Frequency of rotation) Reynold number 14 Rigidity, modulus of 9 Rontgen 18 Rotation, frequency of 9 s Schmidt number 14 Second (angle) 17 Second moment of area (Second a&l moment of area) 9 Second (time) 17 Section modulus 10 Shear angle (Shear strain) 9 Shear modulus (Modulus of rigidity) 9 Shear strain 9 Shear stress 9 Sherman number (Nusselt number for mass transfer) 14 Single electrode potential I2 Slope of equilibrium curve 16 Sound, speed of 9 specific enthalpy 10

0
Ohm 18 Optical density IO Osmotic coefficient 11 Osmotic pressure 11 Overpotential (Electrolytic

polarization)

12

9

P
Partial pressure of component 13 12 Partition function 10 Peclet number 14 Peclet number` for mass transfer 14 Period 8 Period of decay or growth 8 Pica (prefix) 18 Plan&s constant 8 Poise 17 Poisson's number (Poisson's ratio) IO Poisson's ratio 10 Polarization, electrolytic 12 Potential, chemical 11 Potential difference (Electric potential) Potential, electrokinetic (zeta) 12 Potential energy 9 Potential, single electrode 12 Power 9 Power, electrical 12 Prandtl number 14

12
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IO Specific fm energy 10 Specific Gibbs function 10 Specific heat capacity 10 Specific heat capacity at constant pressure Specific heat capacity at constant volume Specific heats, ratio of 11 Specific internal energy IO Specific latent heat 10 Spectra photometry 16 Speed sound 9 . Standard acceleration due to gravity 8 Stanton number 14 Stanton number for mass transfer 14 Stefan-Boltxmann constant 8 Stoicheiometric number of molecules 11 Stokes 17 Strain, linear 9 Strain, shear 9 Strain, volume 9 Stress, component of 9 Stress, normal 9 Stress, shear 9 Surface concentration 12 Surface tension IO

3X30-1965

specific entropy

Transport number 12 Twist, angle of 10 I1 11

U
Umt abbreviation 15 for 17 Unit'operation

of

V
Vapour pressure 11 Velocity, angular 9 Velocity constant of reaction 12 Velocity, linear 9 Velocity, mass 16 Velocity of propagation of electromagnetic waves in vacua 8 Viscosity, dynamic 10 Viscosity, kinematic 10 Vc&a;pse, fractional 15 Volume 8 Volume strain 9 Volumetric rate of flow 16

T
Temperature, absolute (Thermodynamic temperature) 10 Temperature, empirical (Customary temperature) 10 Tera (prefix) 18 Thermal expansion, coefficient of 10 Thermal conductivity 1 I Thermal diffusion coefficient 12 Thermal diffusivity 11 Thermodynamic temperature (Absolute temperature) 10 Thickness, film 15 Time 8 Tonne 18 Torque (Moment of a couple) 10 Total emissivity (Emissivity) 11 Transmission factor (Transmittance) 11 Transmittance (Transmission factor) 11

W
Watt 18 Wave length 8 Wave number 8 Weber number 14 Weight 9 Weight, atomic I 1 Weight, molecular 11 Wetting rate 16 Work 9

Y
Year 17 Young's modulus (Modulus of elasticity) 9

Z
Zeta (Electrokinetic) potential 12
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